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@ A polyolef in resin composition. 

@ The present Invention relates to the use of a poiyolefin 
resin composition comprising a random copolymer of an 
alkenylsilane compound and an a-olefin compound as a 
material for adhesion or a coating materlai. 
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Description 

A POLYOLEFIN 



BACKGROUND OF THE INVENTION 

5 

a) Field of the Invention 

The present Invention relates to the use of a 
polyolefin resin composition comprising a random 
copolymer of an alkenylsilane and an a-olefin as a 
material for adhesion. The composition of the 10 
invention is particularly advantageous for adhering a 
metal and a polyolefin or adhering a polymer 
containing polar groups and a polyolefin. 

The present Invention also relates to the use of 
such a polyolefin resin composition material as an 15 
easy coating material 

bj Description of the Related Art 

It is known to employ a multi-layer structure 
comprising a polyolefin layered between polymers 20 
containing polar groups, such as a saponified 
ethylenevinyl acetate copolymer (such as EVAL), 
nylon or polyester in order to obtain the beneficial 
properties imparted by a polyolefin. as well as the 
beneficial properties imparted by polymers contain- 25 
ing polar groups, such as gas barrier properties, 
which cannot be achieved through the use of a 
polyolefin alone. 

It is also known to employ a multi-layer structure 
comprising a polyolefin and a metal such as Iron or 30 
aluminum. 

However, due to incompatibility between a 
polyolefin and polymers containing polar groups, 
and bad drapeabllity between a polyolefin and a 
metal, the materials cannot be directly adhered. 35 
Thus, when such multi-layer structures are em- 
ployed, an adhesive resin is inserted between the 
polyolefin and the polymers containing polar groups, 
or between the polyolefin and the metal. 

A composition comprising a graft polymer of 40 
polyolefin and anhydrous maleic acid has been used 
as an adhesive resin in such multi-layer structures. A 
polyolefin is useful in various applications including 
exterior paint. However, a polyolefin has poor 
coating properties and thus, if used alone, easily 45 
peels. Thus, a composition comprising a graft 
polymer of polyolefin and anhydrous maleic acid is 
widely employed as an adhesive resin to adhere a 
polyolefin to the surface of a molded component or 
to treat the surface of a molded component by 50 
plasma. Plasma treatment requires a complicated 
method and special equipment Is required. 

It is desirable to develop a resin composition 
which will Improve the coating properties of a 
polyolefin upon being mixed therewith. A graft 55 
polymer of anhydrous maleic acid and polyolefin 
improves the adhesiveness between a polyolefin and 
a polymer containing a polar group to a certain 
extent. However, when the graft copolymer is used 
to adhere a saponified ethylene-vinyl acetate co- 60 
polymer and a polyolefin or a metal, poor adhesive 
properties result. Further, when used to adhere a 
polyolefin with a metal, there is a problem of 



COMPOSITION 

corrosion of the metal. 

Thus, it has been desired to produce a resin which 
shows better adhesiveness. 

As set forth In a co-pending application entitled 
a-Olefin Block Copolymers And Processes for 
Preparing The Same, filed in the United States 
Patent and Trademark Office on November 16, 1988, 
applicants discovered that an a-olefin block co- 
polymer comprising an alkenylsilane and an a-olefin 
is useful as a material for adhesion. 

A random copolymer of an alkenylsilane and an 
a-olefin polymerized in the presence of a transition 
metal compound and an organic compound Is 
disclosed In U.S. Patent No. 3,223,686. It is also 
disclosed In U.S. Patent No. 3,644,306 that such a 
copolymer is used to obtain a crosslinkable material. 
However, It has not been previously known that this 
copolymer is useful as a material for adhesion and 
for easy coating materials. 



SUMMARY OF THE INVENTION 

The present invention advances the state of the 
art by providing a polyolefin resin composition useful 
as a material for adhesion or coating comprising a 
random copolymer of an alkenylsilane and an 
a-olefin. 

It is an object of the invention to provide a material 
for adhesion which is capable of easy bonding. 

It is a further object of the invention to provide a 
material for easy coating, a molded article of which is 
easily surface coated and which is obtained, for 
example, by thermoforming the random copolymer. 

It Is a further object of the invention to provide a 
material for adhesion or an easy coating material 
which has superior adherability and coating strength 
when applied between a metal and a polyolefin 
compound or between a polymer containing polar 
groups and a polyolefin. 

Additional features and advantages of the Inven- 
tion will be set forth in the description that follows 
and in part will be obvious from the description, or 
may be learned by practice of the invention. The 
features and advantages of the invention may be 
realized and obtained by means of the instrumen- 
talities and combinations, particulariy pointed out In 
the appended claims. 

To achieve the objects and in accordance with the 
purpose of the invention, as embodied and broadly 
described herein, the invention relates to a polyolefin 
resin composition comprising an a-olefin random 
copolymer of an alkenylsilane and an a-olefin. 

The a-olefin random copolymer of this invention Is 
excellent in adhesive and coating properties as well 
as in rigidity and therefore is of great industrial value. 



DETAILED DESCRIPTION OF THE INVENTION 
Reference will now be made to the preferred 
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embodiments of the Invention. 

The preferred alkenylsilane compounds useful In 
the practice of the invention have the formula (I) or 
(II) 

H2C = CH-(CH2)n-SiHmR3-m (1) 

wherein n is 0 or an integer from 1 to 12, R Is 
selected from the group consisting of a methyl and a 
phenyl radical, and m is an integer of from 1 to 3; or 
HzC = CH-(CH2)nSIHpX3-p (II) 
wherein X represents a halogen, n Is 0 or an integer 
of from 1 to 12, and p is 0, 1, 2 or 3. 

Exemplary suitable all<enylsllanes for use in the 
invention include vinylsilane, allyisilane, butenylsl- 
lane and pentenylsiiane. Compounds formed by 
substituting a hydrocarbon residue such as a methyl 
or a phenyl group for one or two hydrogen atoms of 
the Si-H groups, or substituting a halogen residue 
for one, two or three hydrogen atoms of the Si-H 
groups, in each molecule of the alkenylsilane 
compound can also be employed. 

Preferably, the a-oiefin used In the practice of this 
invention isa C2-C12 olefin, more preferably, a C2-C8 
olefin such as ethylene, propylene, butene-1, pen- 
tene-1, hexene-1, 2-methylpentene-1 , octene-1 and 
a mixture of two or more of these compounds. 

The random copolymer of the Invention Is ob- 
tained by polymerizing an alkenylsilane and an 
a-olefin, preferably in the presence of a catalyst. 

Suitable catalysts useful in preparing the random 
copolymer Include a catalyst system composed of a 
transition metal compound and an organometal 
compound. Exemplary suitable catalysts are also 
described in U.S. Patent No. 3,223,686. 

The transition metal compound is preferably a 
titanium halide or a vanadium halide. 

The organometal compound Is preferably an 
organoaluminum compound. 

Exemplary suitable catalyst systems include a 
combination of a transition metal catalyst obtained 
by reducing titanium tetrachloride with metallic 
aluminum, hydrogen or an organoaluminum com- 
pound; those obtained by modifying the titanium 
trichloride with an electron donor and an organoalu- 
minum compound optionally including an electron 
donor compound such as oxygen-containing com- 
pounds; a combination of a vanadium halide or 
oxy-vanadium halide and an organicaluminum com- 
pound; a combination of a transition metal catalyst 
obtained by carrying a titanium halide. a vanadium 
halide or oxy-vanadium halide on a carrier such as 
magnesium halide or on a carrier by treating with an 
electron donor and an organicaluminum compound 
optionally Including an electron donor compound 
such as oxygen-containing compounds; a combina- 
tion of a transition metal catalyst obtained by 
dissolving the reaction product of magnesium halide 
and an alcohol in a hydrocarbon solvent, and 
thereafter treating by a precipitant such as titanium 
tetrachloride to insolubilize the hydrocarbon solvent. 
Further, the titanium tetrachloride may be treated by 
an electron donor compound such as an ester or 
ether and thereafter treated by a titanium halide and 
an organoaluminum compound that optionally in- 
cludes an electron donor compound such as an 
oxygen-containing compound. Exemplary suitable 



catalyst systems are disclosed In Zieglar-Natta 
Catalysts and Polymerization by John Boor, Jr. 
(Academic Press). Journal of Macromolecular 
Science Reviews in Macromolecular Chemistry and 
5 Physics, 024(3) 355-385 (1984), ibid. (25(1) 578-597 
(1985)). 

Preferably, the electron donor contains oxygen 
containing compounds such as ethers, esters, 
orthoethers, and alkoxy-silicon compounds. Further, 

10 alcohols, aldehydes and water may be used as the 
electron donor. 

The organoaluminum compound Is preferably 
selected from the group consisting of a trialkylalu- 
minum, a diatkylaluminum halide. an alkylatuminum 

15 sesquihalide and an alkylaluminum dihallde. Prefer- 
ably, the alkyi groups of these compounds are 
selected from the group consisting of methyl, ethyl, 
propyl, butyl and hexyl groups, and the halide groups 
are selected from the group consisting of chlorine, 

20 bromine and iodine. 

Polymerization of the alkenylsilane and a-olefin is 
generally carried out by a solvent process In which 
an Inert solvent Is used. However, bulk polymeriza- 
tion or vapor-phase polymerization processes are 

25 also suitable. 

Polymerization of the random copolymer may be 
carried out by well-known processes and conditions 
for polymerizing a-o!efins. Generally, polymerization 
is conducted at a temperature of from about 0°C to 

30 about 200** C, preferably from about 25° C to about 
150*' C, under a pressure of from about atmospheric 
pressure to about 150 kg/cm^, preferably from 
atmospheric pressure to about 100 kg/cm^. 
Preferably, the alkenylsilane is present in the 

35 random copolymer of the invention In an amount of 
from about 1 wt. ppm to about 30 wt. 0/0 when the 
copolymer of the invention is used as an adhesive 
material. If present in an amount greater than 30 
wt.Q/b. the alkenylsilane causes a decrease in 

40 catalyst activity. Preferably, when used as a material 
for easy coating, the alkenylsilane is present In an 
amount of from about 10 wt. ppm to about 30 wt. 0/0. 

No particular limitation is placed on the molecular 
weight of the copolymer and hence the molecular 

45 weight may be determined in accordance with the 
purpose of use. 

When the random copolymer of the Invention Is to 
be used as a blend with other polyolefins, a desired 
molecular weight of the copolymer can be achieved 

50 by adjusting its intrinsic viscosity measured at 135^ C 
in a tetralln solution to not exceed 10, preferably 
from about 0.1 to about 5 dl/g. 

For commercial purposes, it Is more economical 
to adjust the content of the alkenylsilane to above 

55 about 1 wt. ppm for an adhesive material and above 
about 10 wt. ppm for an easy coating material by 
blending the random copolymer which contains a 
relatively high concentration of alkenylsilane and a 
polyolefin which contains no alkenylsilane. 

60 Any polyolefin which does not contain an alke- 
nylsilane can be employed. There is no particular 
limitation on the molecular weights of the polyolefin 
employed. 

Further, a random or block copolymer of olefins 
65 can be blended with a random copolymer to produce 
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a material for adhesion or easy coating. Preferably, a 
polyolefin having the same composition and molecu- 
lar weight as the random copolymer of the invention 
is blended with the random copolymer of the 
invention. Polyolefins suitable for use in the Inven- 
tion include homopolymers. random or block co- 
polymers and copolymers with a small amount of 
a-o!efin of higher carbon in number. 

The polyolefins are obtained by any conventional 
polymerization process carried out in the presence 
of a conventional polymerization catalyst, Polyolefins 
commercially obtained on the market are also 
suitable for use in the invention. Various additives 
such as an anti-oxidizing agent and an ultraviolet 
light absorber can be added to the polyoiefin if 
necessary to achieve a desired property. Further, 
optionally a catalytic addition which activates the 
Si-H bond can be used In combination with the 
additives to improve the adhesive properties and the 
easy coating properties. Suitable addition com- 
pounds include an organic acid or its salt, an organic 
base, an alkoxide compound of an alkali metal or an 
alkali earth metal, a hydroxy compound, an oxide, a 
noble metal such as palladium or platinum. However, 
it is not necessary to use these catalytic additives. 

The mixing ratio of the random copolymer which 
contains an alkenylsilane and the polyolefin which 
does not contain an alkenylsilane depends on the 
amount of alkenylsilane present in the random 
copolymer. Preferably, the amount of alkenylsilane 
present in the composition is from about 1 weight 
ppm to about 1 weight Wo for adhesion materials, 
and from about 10 weight ppm to 1 weight percent 
for easy coating materials. 

The random copolymer may be blended with an 
additive such as a stabilizer. 

There is no particular limitation on the procedure 
employed for mixing the copolymer with other 
polyolefins and/or additives. A conventional proce- 
dure such as premixing the mixture in a Henschel 
mixer homogeneously and melt-blending the resul- 
tant mixture in an extruder followed by granulation is 
sufficient. Mixing and melting may be carried out 
simultaneously by brabender or after melting, ac- 
cording to the desired end use, the mixture may be 
molded to form a sheet or film. 

Specifically, the polyolefin resin composition may 
be employed as an adhesive for a polyolefin and a 
polar group-containing polymer, for example, polya- 
mide, polyester, polyether or ethylene vinyl alcohol 
copolymer, or a metal, for example, aluminum, steel 
sheet, soft iron sheet or galvanized iron sheet. 

The polyolefin resin composition comprising a 
random copolymer of an alkenysilane an a-olefin 
may be used as a material for adhesion in a manner 
such that it is held between the layers of a polyolefin 
and a polar group-containing polymer to bind both 
layers by hot melt or extrusion amination. The layer 
may also be in the shape of a bottle. 

It js also possible to use the random copolymer 
layer as an adhesive composition on a structure 
composed of a polyolefin or metal layer. 

The random copolymer of the invention may also 
be utilized as a materia! for easy coating. When being 
used as a material for easy coating, the random 



copolymer Is first formed Into a desired shape and 
then coated. No particular restrictions are imposed 
on the coating to be used for this purpose. For 
example, urethane coatings, acrylic coatings and the 
5 like may be used. 

The invention will further be clarified by the 
following examples, which are intended to be purely 
exemplary of the invention. 

10 Example 1: 

(a) Preparation of the polymerization catalyst 

An oscillating mill equipped with four grinding 
pots which contained 9 kg of steel balls having a 

15 diameter of 12 mm and an inner volume of 4 liters 
were employed. In each pot. 300 g of magnesium 
chloride. 60 ml of tetraethoxysllane and 45 ml of 
a.a.a-trichlorotoluene were added and ground for 
40 hours in an atmosphere of nitrogen. The ground 

20 mixture thus obtained (300 g) was charged in a 5 liter 
flask. 1.5 liters of titanium tetrachloride and 1.5 liters 
of toluene were added to the ground mixture, 
followed by stin-lng at 100°C for 30 minutes. The 
supernatant was removed. An additional 1.5 liters of 

25 titanium tetrachloride and 1.5 liters of toluene were 
added to the solid portion obtained, followed by 
stirring at 100° C for 30 minutes. The resultant 
supernatant was removed and the solid portion was 
washed repeatedly with n-hexane. thereby obtaining 

30 a transition metal catalyst slurry. A part of the slurry 
was taken out as a sample and its titanium content 
was analyzed. It was found to be 1 .9 weight percent. 

(b) Random Copolymerlzation of Vinylsilane and 
35 Propylene 

To a pressure-tight glass autoclave having an 
inner volume of 200 ml the following were added: 40 
ml of toluene, 20 mg of the above-described 
transition metal catalyst, 0.128 ml of diethylaluminum 

40 chloride. 0.06 ml of p-toluic acid methyl ester and 
0.20 ml of triethylalumlnum in an atmosphere of 
nitrogen. To the resultant mixture 2.0 g of vinylsilane 
were charged, then propylene was charged up to a 
pressure of 5 kg/cm^, followed by polymerization at 

45 70° C for 2 hours. After the polymerization reaction, 
the polymer containing slurry was filtrated and then 
dried. 43 g of random copolymer powder were 
obtained. The intrinsic viscosity (hereinafter abbrevi- 
ated as Ti) of the powder was 1.45 dl/g measured at 

50 135° C in a tetralin solution. The melting point and 
crystallizing temperatures were measured at maxi- 
mum peak temperatures by raising or decreasing 
the temperature at a rate of 10°C/min. by means of a 
differential-thermal analysis instrument. The melting 

55 point was ^5Q°C and the crystallizing temperature 
was 1 18*'C. The amount of polymerized vinylsilane In 
the random copolymer was calculated by analyzing 
silicon and was found to be 1 .6 weight percent. 

60 (c) Preparation of Ethylene Propylene Copolymer 
Propylene and 2.5 weight percent of ethylene 
were polymerized in the same manner as above. The 
ethylene-propylene random copolymer had an "n of 
1.60 dl/g; arate of extraction residue of 91.5 percent 

65 (determined by extracting the powder by boiling 
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n-heptene in a Soxhiet's extractor (hereinafter 
abbreviated as I.I.) whicli was given In terms of the 
weight percentage of the powder after the extraction 
to the powder before the extraction); and a meiting 
point of 164**C. 

(d) Preparation of the Composition 

200 g of ethylene-propylene random copolymer 
were mixed with 10 g of propylene-vinylsilane 
random copolymer, 0.2 g of phenol type stabilizers 
and 0.3 g of calcium stearate. The resulting mixture 
was granulated to prepare a composition for 
adhesive materials. 

(e) Adhesion Test 

To determine the strength of adhesion between 
sheet of EVAL (Kuraray Co.. Ltd., EP-F, ethylene- 
vinyl alcohol copolymer) having a thickness of 0.2 
mm and a sheet of propylene-ethylene copolymer 
(obtained In section (c) above), a multi-layer struc- 
ture having the following three layers was formed: 
sheet of ethylene-vinyl alcohol copolymer; sheet of 
propylene-vinylsilane random copolymer; sheet of 
propylene-ethylene, copolymer. The sheet of pro- 
pylene-vinylsilane random copolymer had a thick- 
ness of 0.1 mm. The sheets were pressed at 220° C 
and 4 g/cm2 for 3 minutes. The peel strength of the 
multi-layered structure was not less than 2 kg/cm. 
The peel strength was the T-type peel strength and 
was measured for a specimen having a width of 2.5 
cm at 23''C and a pulling rate of 100 mm/min. by 
using the Instron tensile testing machine. 

(f) Comparison 

For comparative purposes, the adhesion test was 
carried out on a multi-layer structure In which a 
sheet having the composition set forth in (d), above 
but which did not contain any propylene-vinylsilane 
random copolymer, was inserted between a sheet of 
EVAL and a sheet of ethylene-propylene copolymer. 
The sheets were peeled autogeneously and the peel 
strength could not be measured. 

Example 2: 

A polyethylene having an ti of 1.76 dl/g was 
obtained according to the procedure of Example 
1(b) except that vinylsilane was not used and 
ethylene was used instead of propylene. A sheet of 
the composition was Inserted as an adhesive layer 
between a sheet of polyethylene having a thickness 
of 0.2 mm and a sheet of EVAL having a thickness of 
0.2 mm. The peel strength was not less than 2.0 
kg/cm. 

For comparison, an adhesion test was carried out 
using a sheet of the composition which did not 
contain vinylsilane propylene random copolymer, 
inserted between a sheet of polyethylene and a 
sheet of EVAL. The sheets peeled autogeneously 
and the peel strength could not be measured. 

Example 3: 

Example 1 was repeated except allylsilane was 
used instead of vinylsilane to produce an alkenyl- 
a-oiefin random copolymer having a melting point of 
152''C, an -q of 1.28 dl/g, and an allylsilane content of 



2.1 weight percent. 
The peel strength was not less than 2 kg/cm. 

Example 4: 

5 Random copolymerization of ethylene and vinylsi- 
lane was carried out as follows: 

(a) Preparation of Random Copolymer of Vinylsilane 
and Ethylene 

10 To a pressure-tight glass autoclave having an 
Inner volume of 200 ml the following were added: 40 
ml of toluene, 50 mg of the transition metal catalyst 
obtained In Example 1(a), 0.128 ml of diethylalu- 
minum chloride, 0,06 ml of p-toluic acid methyl ester 

15 and 0.20 ml of triethylaluminum In an atmosphere of 
nitrogen. To the resultant mixture the following were 
charged: 4.0 g of vinylsilane hydrogen up to a 
pressure of 0.2 kg/cm^, ethylene up to a pressure 
of 1 kg/cm^. Polymerization was then carried out at 

20 70° C for 2 hours. After the polymerization reaction, 
the polymer containing slurry was removed and 
subjected to filtration and then dried. 63 g of random 
copolymer powder were obtained. The t\ was 1.81 
dl/g. the melting point was 126°C and the crystalllz- 

25 ing temperature was 104**C. The amount of poly- 
merized vinylsilane in the random copolymer was 
calculated by analyzing silicon and was found to be 
1.3 weight percent. 

30 (b) Preparation of Polyethylene 

A polyethylene having an t] of 1.88 dl/g was 
obtained by a homopolymerization process. 

(c) Preparation of the Composition 

35 To 200 g of polyethylene powder were added 10 g 
of the ethylene-vinylsilane random copolymer. 0.2 g 
of phenol type stabilizers and 0.3 g of calcium 
stearate. The resulting mixture was granulated to 
prepare a composition for adhesive materials. 

40 

(d) Adhesion Test 

The peel strength test was carried out in the same 
manner as in Example 2 and the peel strength of the 
sheets was not less than 2 kg/cm. 

45 

(e) Comparison 

For comparispn, the adhesion test was carried out 
in the same manner as above except a sheet of the 
composition which did not contain an ethylene- 
50 allylsilane copolymer was employed as the middle 
sheet in the multi-layer structure. The sheets peeled 
autogeneously and the peel strength could not be 
measured. 

55 Example 6: 

A resin composition was prepared by mixing and 
granulating 10 g obtained in Example 1(c) of the 
ethylene-vinylsilane random copolymer obtained In 
Example 4(a), 200 g of the propylene ethylene 

60 copolymer obtained in Example 1(c), and the same 
amounts of additives as In Example 4(c). This 
composition was used as an adhesion layer between 
a sheet of propylene ethylene copolymer obtained in 
Example 1(c) and a sheet of EVAL. The adhesion 

65 test was carried out in the same manner as in 
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Example 1 (e). The peel strength was not less than 2 

kg/cm. 

Example 6: 

The random copolymerlzatlon was carried out in 
the same manner as In Example 4(a) except that 
allylsilane was used instead of vinylsilane. The 
random copolymer of ethylene-ailyisilane, which 
contained 1.81 weight percent of allylsilane, having a 
melting point of 123°C and an t| of 1.31 dl/g. was 
obtained. The composition was prepared by mixing 
the ethylene allylsilane random copolymer, 
polyethylene and additives as in Example 4(c). The 
peel strength was measured in the same manner as 
in Example 4fd) and was found to be not less than 2 
kg/cm. 

Example 7: 

2 parts by weight of the propylene vinylsilane 
random copolymer obtained in Example 1(b). 97 
parts by weight of polypropylene (ti was 1 .65 dl/g. Li. 
was 97.10/0), 0.2 parts by weight of phenol type 
stabilizers, and 0.3 parts by weight calcium stearate 
were mixed in a Henschel mixer for 5 minutes, 
followed by granulation by a 20 mm 0 extruder at 
220' C. The pellets obtained were compression 
molded at 220^ C and a pressure of 100 kg/cm2 to 
form a 200 ^im sheet 

To determine the strength of adhesion between 
the sheet and aluminum, aluminum plates 10 |im 
thick degreased with acetone were employed in the 
order of aluminum plate-sheet-aluminum plate to 
form a multilayer structure. The resulting formation 
was pressed at 230''C under 10 kg/cm^ for 10 
minutes and then cooled with water to form a 
laminated plate. The peel strength was 1.8 kg/cm. 

Comparison 

The test was repeated in the same manner except 
that the middle sheet did not contain a random 
copolymer of vinylsilane and propylene. The lami- 
nated plate peeled autogeneously and the peel 
strength could not be measured. 

Example 8: 

Example 7 was repeated except the random 
copolymer of propylene and allylsilane obtained in 
Example 3 was used In place of the vinylsilane 
propylene copolymer. The peel strength was 1.6 

kg/cm. 

Example 9: 

Example 7 was repeated except a galvanized iron 
sheet (JlS-J-3302) was used instead of an aluminum 
plate. The peel strength was 1.1 kg/cm. 

Comparison 

The test was repeated in the same manner except 
that a composition that did not contain a random 
copolymer of vinylsilane and propylene was used to 
form the middle sheet. The laminated sheets peeled 
autogeneously and the peel stremgth could not be 
measured. 



Example 10: 

Example 7 was repeated except that a soft iron 
sheet was used In place of the aluminum plate, and 
the sheet obtained in Example 8 was used. The peel 
5 strength was 1.7 kg/cm. 

Comparison 

The test was repeated except a composition that did 
not contain a random copolymer of vinylsilane and 
10 propylene was used for the middle sheet. The 
laminated sheets peeled autogeneously and the peel 
strength couid not be measured. 

Example 11: 

15 10 g of the propylene-vinylsllane random co- 
polymer obtained in Example 1(b), 200 g of 
polyethylene obtained by polymerizing ethylene 
using the catalyst obtained in Example 1(a), 0.2 g of 
phenol type stabilizers and 0,3 g of calcium stearate 

20 were mixed and then granulated to prepare a 
composition for easy coating materials. 

Strength of Coating Test 
To determine the strength of coating, the compo- 

25 sition was further compression-molded at 220^ C 
and 40 kg/cm^ to obtain a sheet having a thickness 
of 1 mm. Specimens of the sheet were separately 
coated with two kinds of coatings (Olestar 2182: 
product of Mitsui Toatsu Chemicals, Inc.) as a 

30 urethane coating and Unirock (product of Rock 
Paint. Inc.) as an acrylic coating by brush. The 
specimens were baked and dried in an air oven at 
60° C for 30 minutes. The strength of adhesion of the 
coated film was measured for the specimens applied 

35 with the coatings accordng to the procedure of JIS 
K-5400 (the cross hatch test). The number of 
cross-cut residual coated films were respectively as 
excellent as 100 out of 100. 
For comparison, the test was repeated except a 

40 composition that did not contain a random co- 
polymer of propylene and vinylsilane was used for 
the composition for easy coating materials. The 
number of cross-cut residual coated films were 
respectively 5 and 10. 

45 

Example 12: 

The random copolymerization was carried out in 
the same manner in Example 4(a) except that 
allylsilane was used Instead of vinylsilane and the 

50 amount of hydrogen charged was 0.1 kg/cm^ 
instead of 0.2 kg/cm^. Thus, the random copolymer 
of ethylene and allylsilane which contained 1.7 
weight percent allylsilane, having a melting point of 
126**C and an of 1 .48 dl/g was obtained. The random 

55 copolymer and an ethylene-butene-1 copolymer and 
additives were mixed to prepare a composition. The 
strength of coating was repeated in the same 
manner as in Example 11. The number of cross-cut 
residual coated films were both as excellent as 100 

60 out of 100. 

For comparison, the test was repeated except a 
composition not containing a random copolymer of 
ethylene and allylsilane was used as the composition 
for easy coating. The number of cross-cut residual 

65 coated films were respectively 5 and 10 out of 100. 
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Example 13: 

The composition obtained In Example 4 was used 
as the composition for easy coating. The test was 
carried out in the same manner as in Example 11. 
The number of cross-cut residual coated films were 
respectively as excellent as 100 out of 100. 

For comparison, the strength of the coating test 
was repeated except a composition that did not 
contain a random copolymer of ethylene and 
allylsilane was used as the easy coating material. The 
number of cross-cut residual coated films were 
respectively 5 and 10. 

Example 14: 

The random copolymer of ethylene and allylsilane 
obtained in Example 12 (containing 1.7 weight 
percent of allylsilane, having a melting point of 1 26** C 
and an of 1.48 dl/g), polypropylene (Mitsui Noblen 
JHH-G, Mitsui Toatsu Chemicals, Inc.) and additives 
were mixed to prepare a composition. The strength 
of coating test was repeated in the same manner as 
In Example 11. The number of cross-cut residual 
coated films were. both 100 out of 100. 

For comparison, the test was repeated except a 
random copolymer of ethylene and allylsilane was 
used as the easy coating material. The number of 
cross-cut residual coated films were respectively 5 
and 5, 

Example 15: 

The test was repeated in the same manner as in 
Example 14 except that 5 g, rather than 10 g. of 
random copolymer of the ethylene-allylsiiane com- 
pound were employed. The number of cross-cut 
residual coated films were respectively 85 and 90. 

Example 16: 

The strength of coating test was repeated In the 
same manner as in Example 15 except that 0.1 g of 
lithium ethoxide was added to the composition. The 
number of cross-cut residual coated films were both 
100. 

For comparison, the test was repeated except 
that a composition that did not contain a random 
copolymer of ethylene and allylsilane was used as 
the easy coating material. The number of cross-cut 
residual coated films were both 5. 

Example 17: 

Polypropylene (t\ was 1.65 dl/g and 1.1. was 97.1 o/o) 
was obtained according to the same manner as in 
Example 1(b) except that vinylsllane was not 
added. 200 g of polypropylene, 10 g of the random 
copolymer of propylene and vinylsllane obtained in 
Example 1 (b). 0.2 g of phenol type stabilizers and 0.3 
g of calcium stesirates were mixed and granulated to 
prepare a composition for easy coating. The 
strength of coating test was repeated in the same 
manner as in Example 11. The number of cross-cut 
residual coated films were both 100. 

For comparison, the strength of coating test was 
repeated except that a composition that did not 
contain a random copolymer of ethylene and 
vinylsllane was used as an easy coating material. The 



number of cross-cut residual coated films were 5 
and 10. 

Example 18: 

5 The strength of coating test was repeated in the 
same manner as in Example 17 except that 5 g, 
rather than 10 g, of a random copolymer of 
propylene-allylsllane compound were employed. The 
number of cross-cut residual coated films were 
10 respectively 90 and 95. 

Example 19: 

The composition obtained in Example 18 was 
molded to a sheet. The sheet was subjected to a 

15 treatment in ethanol at 40° C for one hour. The test 
was then repeated in the same manner as In 
Example 11. The number of cross-cut residual 
coated films were both 100. Thus, by treating 
multi-layer structures containing the composition of 

20 the Invention with alcohol, the adhesive and coating 
properties of the structure are improved. 

Example 20: 

25 Preparation of Random Copolymer of Propylene and 
Vinyl Trlchlorosllane 

Random copolymerizatlon was candied out In the 
same manner as in Example 1 (b), except that 4.0 g of 
trlchlorosllane instead of vinylsllane and 50 mg, 

30 rather than 20 mg of the transition metal catalyst 
were used. 28 g of a random copolymer of propylene 
and vinyltrichlorosiiane, having an ti of 1.41 dl/g, a 
melting point of 148"C and a crystallizing tempera- 
ture of 102^*0 were obtained. The amount of 

35 polymerized trichlorosilane In the random copolymer 
was calculated by analyzing silicon and was found to 
be 1.8 weight percent. 

100 g of polypropylene powder {t] was 1.65 dl/g, 
I.I. was 97.10/0). 20 g of the random copolymer of 

40 propylene and vinyltrichlorosiiane, 0.9 g of phenol 
type stabilizers and 0.3 g of calcium stearates were 
mixed and granulated to prepare a composition for 
easy coating. The strength of coating test was 
repeated in the same manner as In Example 11. The 

45 number of cross-cut residual coated films were both 
100. 

For comparison, the test was repeated except 
that a composition that did not contain a random 
copolymer of propylene and vinyltrichlorosiiane was 
50 used as the easy coating material. The number of 
cross-cut residual coated films were both 5. 

Example 21 : 
The strength of coating test was repeated in the 
55 same manner as In Example 20 except that 10 g, 
rather than 20 g of a random copolymer of propylene 
and vinyltrichlorosiiane were used. The number of 
cross-cut residual coated films were respectively 70 
and 80. 

60 

Example 22: 

The composition in Example 21 was molded to a 
sheet. The sheet was subjected to a treatment In 
ethanol at 40° C for one hour. The strength of coating 
65 test was performed in the same manner as in 
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Example 11. The number of cross-cut residual 
coated films were both 100. Thus, by treating a 
multi-layer structure containing the composition of 
the invention with alcohol, the adhesive and coating 
strength properties are improved. 5 

For comparison, the strength of coating test was 
repeated except that a composition that did not 
contain a random copolymer of propylene and 
vinyltrichlorosilane was used as the composition of 
easy coating. The number of cross-cut residual 10 
coated films were both 5. 

Example 23: 

The strength of coating test was carried out in the 
same manner as in Example 20 except that a random IS 
copolymer of propylene and allyltrichlorosilane (con- 
taining 2.3 weight percent of allyltrichlorosilane, 
melting point of 135°C and t\ of 1.34 dl/g) was used 
in place of vinyltrichlorosilane. The number of 
cross-cut residual coated films were both 100. 20 



Claims 
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1. A polyolefin resin composition useful as 
materia! for adhesion or easy coating compris- 
ing a random copolymer of an alkenyisilane 
compound and an a-olefin compound. 30 

2. The composition of claim 1 wherein the 
weight percent of the alkenyisilane compound 
is from about 1 weight ppm to about 30 weight 
percent. 

3. The composition of claim 2 wherein the 35 
weight percent is from about 10 weight ppm to 
about 30 weight percent. 

4. The composition of claim 1 wherein the 
alkenyisilane compound has the formula (I) 

H2C - CH - (CH2)n-SiH„,R3-m (I) 40 

wherein n Is 0 or an integer from 1 to 12, R is 
selected from the group consisting of a methyl 
and a phenyl radical, and m is an integer of 
from 1 to 3. 

5. The composition of claim 1 wherein the 45 
alkenyisilane compound has the formula (II) 

H2C - CH - (CH2)n-SiHpX3-p (II) 

wherein X represents a halogen, n is 0 or an 

integer of from 1 to 12. and p is 0, 1 , 2 or 3. 

5. The composition of claim 1 wherein the 50 
alkenyisilane compound is selected from the 
group consisting of vinylsilane, allysllane, bute- 
nysilane and pentenylsilane. 

7. The composition of claim 1 wherein the 
a-olefin compound is a C2 - C12 olefin. 55 

8. The process of claim 7 wherein the a-olefin 
compound is selected from the group consist- 
ing of ethylene, propylene, butene-1, pentene- 
1, hexene-1, 2-methylpentene-1 , octene-1 and a 
mixture of at least two of these compounds. 60 

9. The composition of claim 1 wherein the 
random copolymer is blended with at least one 
polyoJefIn, 

10. The composition of claim 9 wherein the 
random copolymer is blended with at least one 65 



homo or copolymer of an a-olefin. 

11. The composition of claim 9 wherein the 
random copolymer is blended with at least one 
compound selected from the group consisting 
of a homopolymer. a random copolymer, and a 
block copolymer. 

12. The composition of claim 9 wherein the 
weight percent of alkenyisilane is from about 1 
weight ppm to about 1 weight percent. 

13. The composition of claim 9 wherein the 
random copolymer has an intrinsic viscosity 
measured at 135°C in a tetralin solution of from 
about 0.1 dl/g to about 10 dl/g. 

14. The composition of claim 1 wherein the 
random copolymer has an intrinsic viscosity 
measured at 135*'C in a tetralin solution of from 
about 0.1 dl/g to about 10 dl/g. 

15. The composition of claim 1 further com- 
prising an additive. 

16. The composition of claim 15 wherein said 
additive is selected from the group consisting 
of an anti-oxidizing agent and an ultraviolet light 
absorber. 

17. The composition of claim 2 further com- 
prising an additive and a catalytic compound 
that activates the Si-H bond. 

18. The use of the composition of claim 1 as an 
adhesive material for adhering a polyolefin and a 
polymer containing at least one polar group, or 
a polyolefin and a metal. 

19. The use of the composition of claim 1 for 
coating a material selected from the group 
consisting of a polyolefin. a metal, and a 
polymer containing at least one polar group. 
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